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CHAPTER THREE 
 
 
METHODOLOGY 
 
 
3.1   INTRODUCTION 
 
This chapter presents the traditional with our proposed algorithms (new approach) 
of preprocessing and feature extraction steps for an ECG to convert it from image to 
digital signal presented in details. In addition, the artificial intelligent algorithm used to 
construct a better model for best performance diagnostics. Finally, computational models 
will be presented, and the simulation steps and facilities used for database collection are 
presented.  
 
3.2  STRATEGY OF FRAME WORK  
 
Figure 3.1 describes the main strategic framework of this study. The strategy 
framework consists a four main panels, are capturing (data acquisition) panel, pre-
processing panel, feature extraction panel and the artificial intelligent for diagnostic 
panel. Each panel contains several algorithms and processing techniques, some of which 
are traditionally it has been used directly without any change, and the others has been 
applied with some changes and modifications that serve our research, and others proposed 
as a new technique. The results were clarified via well technique based on this flowchart. 
The outcomes of this framework strategy are summarized in the conclusions and 
recommendation for future studies. 
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Figure 3.1: Main strategic framework of the study. 
 
 
 
 Scanning Image. 
 Real Time Webcam. 
 Video File. ECG IMAGE 
ACQUISITION 
STAGE 
 Image Enhancement. 
 Image Segmentation. 
 Image Conversion. 
 Adaptive Thresholding and Segmentation. 
 Time Series Signal and Grid Lines. 
 Time Series Normalization 
 Noise filtering. 
PRE-
PROCESSING 
STAGE 
FEATURE 
EXTRACTION 
STAGE 
 R Wave Detection. 
 QRS Complex Detection. 
 Heartbeat Rate Calculation. 
 P & T Waves Amplitude Detection. 
 P & T Waves Duration Calculation. 
 
 
CLASSIFICATION
STAGE 
 Radial Basis Function Neural Networks. 
 Hybrid Particle Swarm Optimized and 
Radial Basis Function Neural Networks. 
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 3.3 EXPERIMENTAL DATA SET 
 
There are many ECG databases available online on the internet web sites, which 
are used by the computer-aided researchers in their research to ECG interpretation and 
classification. So there are several ECG databases that is most commonly used, which is 
MIT-BIH arrhythmia database, CSE multi-lead database and AHA database (Zhang et al. 
2009; Llamedo and Martínez, 2007). 
 
In this thesis, the data were collected through fieldwork from the Ibn Al Bitar 
Cardiac Center and the Ibn Al Nafis Cardiac Center from Baghdad-Iraq (186 cases). The 
ECG data are real copies was taken from the hospital database, and was putting the 
diagnostics notes by the specialist doctor on each one of them.  In addition to freely 
available on MIT-BIH arrhythmia database-PhysioNet-PhysioBank-Signal Archives-
ECG (140 cases), and. In addition to 73 cases from ECG-pedia online (ECG-Pedia, 2008), 
which has been provided by Dr. Alberto Giniger, chief of the Electrophysiology and 
Arrhythmias department of the Cardiovascular Institute of Buenos Aires (ICBA), 
Argentina (Alberto et al., 2014; Llamedo and Martínez, 2009). The data used for the 
PhysioNet/CINC-Challenge-2013 consisted of Hundreds of 12-lead ECGs, each 10 
seconds long, with standard diagnostic bandwidth (0.05-100 Hz). The 12 leads (I, II, III, 
aVR, aVF, aVL, V1, V2, V3, V4, V5 and V6) were obtained simultaneously; each was 
recorded at 500 samples per second, 16 bits per sample, with 5V resolution (MIT-BIH 
Database). 
 
3.4 ECG IMAGE ACQUISITION  
 
The algorithm starts with the ECG recording image that determined by the user.  
The developed capturing panel provides three different methods to use the image as the 
input for the following image pre-processing panel. Firstly, the user can use an optical 
scanning technology to scan the ECG paper at 600/300/200 dpi (pixel or dots per inch) 
and stored as a color image in many types of format files such as (JPEG, BNG… and 
GIF). Traditionally, the preferred algorithm for the image compression is JPEG (Huy, 
2009; David, 2012). Secondly, the user can get the snapshot of ECG signal from the ECG 
machine through activation the real time operating; also, the image can be obtained from 
